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5 CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to the German application No. 10244609.1, filed 
September 25, 2002 and to the International Application No. PCT/DE03/03138, filed 
September 22, 2003 which are incorporated by reference herein in their entirety. 

10 FIELD OF INVENTION 

[0002] The invention relates to a radiation imaging device with a radiation source and a 
radiation receiver, which can be moved in a vertical direction to be positioned in relation to a 
standing patient, and with an image processing device for producing an image that can be 
output based on the recorded image data. 

15 

BACKGROUND OF INVENTION 
[0003] In modern X-ray-based diagnostics it is increasingly frequently necessary to examine 
large examination areas, e.g. the entire spinal column or the leg area to diagnose bone 
positions. The patient is hereby scanned in a standing position with the radiation imaging 
2 0 device, i.e. a conventional X-ray device comprising an X-ray tube and an X-ray radiation 

receiver. The receiver generally has a 40 x 120 cm film cassette, if this is large enough to map 
the whole examination area. As an alternative it is known that smaller film cassettes can be 
used to record a plurality of storage plate images, which map the examination area, and these 
can then be stuck together to give an overall image. This process is elaborate and complex and 

2 5 the storage plates require subsequent development, which takes a relatively long time, so 

diagnosis can not take place at the same time as recording. 

[0004] DE 42 31 583 Al discloses an angiographic X-ray diagnostics device, with which a 
plurality of individual images are produced of a prone patient by incremental displacement. 

3 0 The individual images are stored in an image storage unit of a laser image reproduction 

device, display lines being omitted from the edges of the images so that an image of the entire 
examination area can be printed out on the laser image reproduction device without overlap. 
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SUMMARY OF INVENTION 
[0005] An object of the invention is therefore to specify a radiation imaging device, which 
remedies this. 

5 

[0006] To achieve this object according to the invention, with a radiation image recording of 
the type mentioned above comprising a digital radiation receiver, i.e. a known semiconductor 
flat detector, to record an examination area exceeding the height of the active area of the 
radiation receiver, the radiation source and radiation receiver can be moved in a controlled 
10 manner into successive imaging positions by means of a control device, a radiation image 
being recorded in each of these positions, the positions being defined such that the recorded 
radiation images cover the examination area and the image processing device being 
configured to produce an overall image representing the entire examination area based on the 
image data of the individual radiation images. 

15 

[0007] The invention advantageously proposes incremental scanning of the examination area, 
a radiation image being recorded in every defined imaging position. A central control device 
controls the radiation source and radiation receiver into the respectively defined position and 
once the image has been recorded, it is read from the radiation receiver and sent to the image 
2 0 processing device. When the entire examination area has been scanned by recording a 

plurality of images, the overall image representing the entire examination area is produced by 
computation in the image processing device based on the data of the individual radiation 
images. This overall image can then be output and the diagnosis made. 

2 5 [0008] Compared with the prior art the radiation imaging device according to the invention 

has a number of advantages. On the one hand the overall image is produced very quickly, as, 
if its design is adequate, the image processing device can compute the overall image 
immediately after the last individual image is produced. Diagnosis can therefore take place 
almost immediately after the last individual image has been recorded. Also the image 

3 0 processing device advantageously produces a single overall image, which can be output 

immediately after its production. There is therefore no longer any need for complex or time- 
consuming development or for the additional process of sticking individual images together 
after development. A further important advantage is that this overall image can be archived 
without further ado in a suitable patient data management unit, which can be achieved in a 
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significantly simpler manner by storage on a suitable data medium than the hitherto standard 
archiving of storage plate images. 

[0009] A further important advantage is that the device used to implement the recording 
5 technique defined above can be a standard thorax or skeleton recording device, which does 
not have to be modified very much for this purpose, except primarily in respect of the image 
processing device, which must be designed accordingly. 

[00010] Generally the radiation imaging device according to the invention allows the 
1 0 fast and uncomplicated and immediately informative production of an overall image of a large 
examination area, which is significantly larger than the active area of the radiation receiver. 

[00011] In a development of the invention, the control device can be configured for the 
automatic determination of the respective positions based on the height of the examination 

1 5 area and the height of the active area of the radiation detector. Before the image is actually 
recorded, the doctor therefore determines which examination area is to be scanned. In the 
example the left leg is to be examined from the heel to the neck of the femur. The doctor 
inputs said patient parameters into the control device, which then uses the known active area 
of the radiation detector, i.e. the detector area used actively for imaging, where X-ray 

2 0 radiation is converted to image data, to compute the position to which the radiation source and 
radiation receiver must automatically be moved. This procedure is possible both when the 
active area of the radiation detector is not variable and with detectors with a variable active 
area, i.e. with which the doctor can select a specific detector range, to use for the actual 
imaging process. As set out above, this area is known to the control device, as is therefore the 

2 5 height of the area in relation to the vertical movement, so that the relevant recording positions 

can be automatically determined and automatically assumed without further ado. 

[00012] The radiation source and radiation receiver are thereby expediently moved 
synchronously, i.e. they are moved from one position to the next at the same time. Of course 

3 0 operation with asynchronous movement is also required, with first one and then the other 

component being moved. Movement always takes place symmetrically, i.e. always by the 
same distance, so that with the type of recording, in which a standing patient is scanned, the 
radiation source and radiation receiver are always opposite each other in a horizontal plane, 
thus they are always in the same plane. 
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[00013] Movement from one recording position to the next and imaging in the 
respective recording position advantageously take place automatically. Therefore when 
imaging starts, once the individual recording positions have been determined, the control 
5 device moves the radiation source and radiation receiver, which is for example as 40 x 40 cm 
image receiver, from an initial position, to which both components are always moved as the 
basic position, to the first recording position. When this has been done imaging takes place 
automatically and when the recorded individual image has been read, both are moved to the 
next recording position, where recording again takes place, etc. This process continues until 
10 the last image has been recorded, whereupon both components are for example moved back to 
the initial position. In parallel with this the image processing device immediately starts to 
process the individual image data to produce the overall image. This also expediently takes 
place automatically, so that after activating the start button the doctor really has nothing more 
to do until the final image is output. 

15 

[00014] As described, the image processing device is configured such that it uses the 
individual images to produce an overall image that shows the entire examination area 
precisely mapped and with exact resolution for diagnostic purposes. It must also be able to 
position two adjacent images of the examination area in relation to each other and join them 
2 0 such that there are no edges or misalignments and the examination area, e.g. the lower leg, is 
mapped precisely in respect of the recorded structure. To this end it is expedient according to 
a first embodiment of the invention for the positions in which the recordings are made to be 
defined such that two successively recorded images overlap at the edges. Therefore two 
successively recorded images show the same structures at the edges, on the basis of which the 

2 5 image processing device, e.g. using suitable edge detection algorithms or similar algorithms, 

which detect the commonalities in the images, can determine the precise alignment of the two 
images in respect of each other and superimpose them exactly. Of course this is done so that 
no edges, brightness differences, etc. caused by the superimposition are visible in the overall 
image produced. The superimposition should thereby not be too large; a superimposition of 

3 o for example 3-5 cm is possible based on a 40 x 40 cm image receiver. Sufficient structural 

commonalities are already present in such a relatively narrow area to allow exact alignment 
and overlapping of both images on the part of the image processing device. 
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[00015] In an alternative embodiment of the invention the positions are defined such 
that two successively recorded images are essentially adjacent to each other. The overlap here 
is therefore only a few millimeters. Production of the overall image here depends primarily on 
the one hand on the fact that the radiation source and radiation receiver can be moved exactly 
5 into the predefined positions and on the other hand that the patient does not move during the 
process. Both images are almost directly adjacent to each other. Here too of course the 
imaging processing device can carry out an analysis of the edge area in respect of 
corresponding structures, in so far as some occur in the few millimeters of overlap. As an 
alternative to analyzing the two edge areas, it is also possible to use suitable algorithms to 
10 search for continuing structures in the first and second images. While for example the edges 
of a bone are detected in the first recorded image, these edges are also determined in the next 
recorded image and both images are positioned in respect of each other such that the edges 
coincide or are precise continuations of each other. 

15 [00016] The overall image can either be exposed onto a film if necessary in a reduced 
format as a hard copy, e.g. written onto a storage plate, or can be output on a monitor. 
Outputting on a monitor is of course essential for fast diagnosis. The overall image can 
thereby be output on the monitor in the recorded format or in a larger format. As the monitor 
is of course smaller than the recorded examination area, the clearly larger overall image is 

2 0 viewed simply by moving the overall image on the monitor, which can be done by scrolling. 
It is if course also possible to display the overall image in an enlarged format compared with 
the actual recorded format, so that some structures can be displayed even larger. 

[00017] The radiation source and radiation receiver are expediently arranged on, if 

2 5 necessary telescopic, ceiling or floor gantries, which allow simple automatic movement. A 

suitable mechanical system is provided for this purpose, which in particular allows exact 
positioning of both components in the respectively defined recording position, in order to be 
able to record the individual images, as defined beforehand by means of the control device. 

3 0 [00018] For structural reasons the radiation receiver, i.e. the solid state detector, in 

particular cannot be moved to just above the floor, i.e. the active area is always a certain 
distance above the ground. For leg imaging it is however necessary for the heel bone at least 
to be mapped. To resolve this, according to the invention a platform is provided to hold the 
patient with retaining devices for the patient. This platform, on which the patient has to stand, 
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compensates for this misalignment due to the structure, so that the heel bone is also recorded 
without further ado. The retaining devices are provided so that the patient stands firm and 
without movement, as said patient cannot change position while the plurality of individual 
images are being recorded. 

5 

[00019] The retaining devices can thereby be configured as handles, the height of 
which can be varied, so that people of differing heights can be secured optimally. It is also 
possible to design the retaining means as corresponding straps, etc., which are used to belt the 
patient firmly in position. 

10 

[00020] A radiation-transparent plate is also expediently provided on the platform on 
the side facing the radiation receiver, to prevent the patient coming into contact with the 
radiation receiver. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[00021] Further advantages, features and details of the invention will emerge from the 
exemplary embodiment described below and with reference to the drawings, in which: 

[00022] Fig. 1 shows a schematic sketch of a radiation imaging device according to the 
2 0 invention, and 

[00023] Fig. 2 shows a schematic sketch showing the "fusion" of three individual 
images to produce an overall image. 

2 5 DETAILED DESCRIPTION OF INVENTION 

[00024] Fig. 1 shows a radiation imaging device 1 according to the invention, 
comprising a radiation source 2, in this case an X-ray emitter, and a radiation receiver 3, in 
this case a digital solid state detector. The radiation source 2 is arranged on a gantry 4 with a 
telescopic bar 5 and can therefore be moved vertically as shown by the double arrow A. The 

3 0 same applies to the radiation receiver 3. This is also arranged on a gantry 6 and can also be 

moved vertically, as shown by the double arrow B. While the gantry 4 is supported on the 
ceiling, the gantry 6 is a floor gantry. 
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[00025] A platform 7 is provided in the vicinity of the radiation receiver, on which the 
patient P has to stand for the recording. Retaining means 8 in the fonn of vertically movable 
handles (see double arrow C) are arranged on both sides of the platform 7, which the patient 
can hold on to, as said patient has to stand still during imaging. A radiation-transparent plate 9 
5 is also provided at the back, arranged there for protection purposes to prevent the patient 
coming into contact with the radiation receiver 3. 

[00026] The radiation imaging device according to the invention also comprises a 
central control device 10, to which an imaging processing device 1 1 and a monitor 12 are 
1 0 assigned. The control device 10 is used to control the vertical displacement of the radiation 
source 2 and the radiation receiver 3 exactly so that different recording positions can be 
assumed and to control the imaging operation. The image processing device 1 1 is used to 
compute an overall image from the recorded individual images, which is then recorded on the 
monitor 12. 

15 

[00027] In the exemplary embodiment shown the right leg of the patient P is to be 
recorded and output as an overall image for the doctor. To this end, the doctor uses a suitable 
input means (e.g. a keyboard, etc. not shown in more detail here) to input the geometric data 
of the examination area, in this case the right leg, into the control device 10. The doctor must 
2 0 define the extent of the examination area in relation to the vertical. In this instance the 

examination area is clearly larger than the active area of the radiation receiver 3. To be able to 
map it exactly in an overall image, it is necessary to produce a plurality of individual images 
in different recording positions, in order to be able to compute an overall image therefrom. 
When the vertical position and length of the examination area have been defined, the control 

2 5 device 10 computes the positions to which the radiation source 2 and radiation receiver 3 must 

be moved, in order to record individual images of the examination area, which map this as a 
whole. This can be done by the control device 10 without further ado, as it knows the 
examination area exactly and is able to locate it based on the corresponding data input by the 
doctor and it also knows the active area of the radiation receiver 3, i.e. the area in which the 

3 0 image data mapping the examination area is actually generated. The respective recording 

positions, into which the radiation source 2 and radiation receiver 3 have to be moved to 
image the examination area, can be determined from these without further ado. In the 
exemplary embodiment shown there are three recording positions. Starting from the lowest 
recording position I, to which the control device moves the radiation source and radiation 
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receiver, from an initial position (not shown), a first image is recorded there, showing the leg 
of the patient from the heel bone to below the knee for example. After successful recording, 
which is also controlled via the control device 10, the image data of this first image is read out 
and sent to the image processing device 11. The radiation source 2 and radiation receiver 3 are 
5 then moved to the recording position II, the positions being determined exactly in each 

instance using suitable position detection means. Once they arrive there, a second individual 
image is recorded, showing the leg of the patient below the knee to the center of the thigh. 
After successful recording and reading of the image data, a third movement takes place to the 
third recording position III, where a third image is recorded on arrival, showing the 
1 0 examination area from the center of the thigh to the hip. When this image has been recorded, 
it too is read out and sent to the image processing device 1 1, in which there are then three 
individual images. These three individual images are then used to produce an overall image 
by computation, which is then output on the monitor 12. J 

1 5 [00028] The recording positions are thereby defined such that for example two 

successively recorded individual images overlap by a certain distance. Based on an approx. 40 
x 40 cm image receiver, the active area of which is therefore 40 x 40 cm for example, the 
overlap can be 3 or 5 cm for example. This is expedient so that the image processing device 
1 1 can use suitable algorithms to detect coincident areas in two successively recorded images 

2 0 and can thus position the images exactly in relation to each other, to give a uniform overall 
image without edges and brightness differences, etc. Alternatively the recording positions can 
also be selected so that the images connect together almost seamlessly, the image processing 
device 1 1 then using suitable algorithms to search for continuing structures in two 
successively recorded images, in order to be able to align both images in relation to each 

2 5 other. 

[00029] In each case the entire operation is carried out automatically via the control 
device 10. If said control device 10 knows the parameters mentioned above relating to the 
examination area, the recording positions are determined automatically depending on which 

3 0 image processing mode (i.e. with edge overlap or directly adjacent) has been selected, by the 

doctor for example. Once this is all defined, the doctor only has to press the start button on the 
control device 10, whereupon the entire imaging, displacement and image evaluation process 
operates automatically. 
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[00030] As an alternative to inputting any parameters relating to the examination area, 
it is of course also possible for the doctor to define the examination area by moving the 
radiation detector to a first position and a second position, which approximately define the 
positions for the first and last recorded images. The examination area is thus as if defined 
5 directly in the coordinates system of the movement tracking system of the radiation receiver. 
Based on these two positions, the respective intermediate recording positions can then be 
determined. It is thereby possible of course that the overall length of the examination area is 
not precisely a multiple of the height of the active area of the receiver, taking into account any 
overlaps. It is therefore possible for this purpose to use corresponding diaphragms at the 
1 0 radiation source during the last recording just to radiate a sub-area, etc. Thus different 
variations are possible for defining the position and length of the examination area. 

[00031] Fig. 2 is in the form of a schematic sketch showing how three individual 
images are used to produce an overall image. In the example shown three individual images 
15 B 1 , B2 and B3 were recorded. 

The individual image Bl was recorded first, showing the majority of the lower leg to just 
below the knee. The individual image B2 is then recorded, showing the knee and some of the 
thigh. Finally the individual image B3 is recorded, showing the remainder of the thigh with 
the neck of the femur. 

20 

[00032] For simple arrangement of the images in relation to each other, the images 
were recorded so that they overlap partially. Each image contains an area of overlap with the 
previously recorded image, in other words an area in which the recorded structure is 
coincident to this extent. In the image B 1 this is the upper narrow edge area Ul . Individual 

2 5 image B2 also has the area of overlap Ul at its lower edge with an area of overlap U2 at its 

upper edge, which is repeated in the same way in the next recorded individual image B3. The 
imaging processing device 1 1 is now able to use these areas of overlap to align two successive 
images exactly in respect of each other using suitable analysis algorithms and overlap these in 
the region of the areas of overlap, thus producing an overall image G, which shows the entire 

3 0 examination area from the foot to the neck of the femur. Image fusion is thereby such that 

there are no edges or brightness differences, etc. in the region of the transitions from one 
individual image to another. 
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[00033] The overall image thus produced is now expediently output on the monitor 12. 
As the image area of said monitor is smaller than the overall image G, which expediently 
shows the examination area 1:1, only part of the overall image G can be displayed on the 
monitor 12. A suitable scrolling device can now be used to move the image on the monitor 12 
5 without further ado, as shown by the double arrow D. 

[00034] As well as displaying the digital overall image B on the monitor, it is also 
possible without further ado to archive said image and store it on a data medium, in the 
example shown here a CD-ROM 13. Given the enormous amount of storage space on such a 
10 data medium, a plurality of further overall images can of course also be stored there (as can 
individual images of course), thereby allowing significantly more expedient and convenient 
archiving than when the storage plates used in the prior art had to be stored. 
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